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A COMPARISOM QOF ATHMOSPHERIC
TRANIPORT CONSIDERATIONS
IN EASTERN AND WVESTERN OIL SHALE OPERATIOMS

Sumner Barr
Los Alamcs National Laboratory

Abatract

Atnmcapherio trensport represents one of the
critlcally 1mpcriant pathways for the distributio.
of pollutarts from any oil snale operation. Our
erperience in studylng eastyrn and western shale
rescurces and operation a.ggest wmany ocommon
features regarding the atmospherlc domaln, byt
also sany signiflcant differences. Any 1i1ssue of
atacspherio transpcrt and dlapersion can be broken
down Into me jor elements

® Source [factors 1noluds the spatial and
temporal distribution of pollutant sources
as well as thelr chemical and phynical
characteristlios. The distribution ard
charaoter of the two resources leads to
different plant asiting strategies and
processing optlons |n the east and west.

* Boundary conditions inolude the onhs&racter
of the underlylag surface as a lower

bounda -y and the large soale
meteorologioal olroulations as an “upper®
boundary . Tre lower poundary

varlatlilizlies present us with enormsous
challenges Including the effect of terrain
«n land u=e In oreiting locally driven
wind olroulations anc tneir attendant
turbu)ence lflelds. The amblent
meteorology serves o sodulate these
efrects tr-ough olruds and molsture which
tnfluence radiative cooling of the ground
arga through wind and tegperatuie flelda
whioh Introduce competing foroing

® neteorolagical structure .s the resulting
wind, temperature, molplure. and
turbulence env'ronment (n the voluse of
alr 2ccuplsa by wamittead material In an
a'mcaphare sub jected to the Oodoundary
wcnditions Jescribed abcve

For wrposes of planning an Ind.glry, we want to
be able to reliably L o[ DY the atmsuapherle
structure on & variety of time and pcace scales
ana the subtsequent dJlstributlion of pollutanty.
This paper wlil dlascues differences In msndeling
conZepts and rer.lta In thy sejarate ervironmerts
of eastern ad westarr c1l shale ressur-es



INTRODUCTIOH

The deveiopment of an energy
resource like oll amale depends
predoainantly on ecoromic factors
although in the present asetting within
the U. 3., environmental constraintsg
represent a major factor in tre
feasinility of extraoting the resource,
the siting of extracting and processing
operations and the “1esign of facilitles
and emissions controls. One
environmental factor of great interaest
ia the rélease of nollutant emiasions teo
the atmosphere and their subsequent
transporct, traraformation, and
deposition. In the U. 8., there are two
major rescurce regions for oil shale
that differ dramatically in their
composition, distribucion, sreal extent
and atmospherla ervircrnsent Inte which
em1ssiona woulu be Injected. These
differences suggest tnhat the alir quality
considerations wold be quite different
for the two areas. In this paper, we
w11l conslder differences In  three
factors related to atmospherio
transport. Thesc are:

1. Source factors. Differences 1n the
distrivution and richness of the
resource lead to different methods
of mining and processing which will
pe refleocted In thse atmospherie
enissiong. Related to this are
differences in the nmireralogy »f
the host rook which will producs
aifferent bl-groduots during
processing.

2 alr chemlstry effects dapend on tha
chemica. and physical oomposition
of the emissions, the bacxground of
precursor reactantsg that may be
present due to natural emissiors or
cther Industrial effluents, and the
vaslo stawospherio ervirasnment
irflusnoing the ohemistry such as
ultra viclet radlation and
molsture.

k| Atmospherio transport 1s & critioal
eiement In the envircnmer s’ effeat
of an Indlvidual faollirLy or a
whcle irdustry since it  3aeteruines
the location and extert cf the
airborng impact. The “footprint”
of effgcta from tra~sivorted and
deposited emlapions 1= not reilably
est!mated from the routine
meteorological observation natucriks
since tnre spacing ar-g timing of the
obaervatisns ad 1~adoquate to
qegcribe Ispcrta..t reglonal and

local elroulat .cn patterns.
Tnatead, we LS WG] vigw the
traraport wing flelds as

clrculations oriven uy tre large
scale prespure ygradients (res.iting
from wmigratcry “-eatner map®™ scale
olrcalatioce) ard lesal thermel
sort-ast (land--ater, surface
socling on sl surfaces eto. )

and subsequently modulated by the
5t.apa and texture of the lower
boundary (nills, mcurtains, ridge-

valley complexes, basinrs,
vegetative and Blcrotopcgrapghle
roughr.ess).

Many distinctions Getween the
eaatern and western rejource areas enter
the plcture here. In terms of synsptlo
pat-ernsg the western Intermountain garea
is wmore susceptible to stationa-y
features and multi-day periods of -é-y
weal ventilation. The dry atmosphare
peraita vigorous surface radiative
oooling at night and :he local terraln
oonverta the large diu:.nal temperature
cyole into a wmulti-scalar mosaio of
local oiroulations that tend to reverse
from day to nignt. The easterr resouroce
areas are within and preduminantly
upwind cf areas tha™ are alreajy heavlly
burdened with Iinduvstrial and anergy
emissions. The wInd flelds are more
inrluenced by the migratory circulation
patterns although tnere are areas of
locally generated ~ind flelda and, most
sertalnly, the wird fields that zay be
drive by the c.ter bourdary conditlon of
the “weather map™ pattern wil]l tLe
significantly msoduiated by local riage-
valley patterns.

SOURCE FALTORS

The souroce eflects encourtered in
sodeiing atmospherlo Lrangport and
transformation are: locatlon (inciuding
sspecially height above g:ound). size.
and duration, tneraal content and
vertiosl ve) -olty, physical properties
(e.g. part.ole aslze distribution) and
cheaical composjtina. Ma.ay  souroe
factcrs are propertiea of the particulasr
plant Jdesign and not recessarlly
oharacceristio of aastern aor western
shales. However, differances In the
resource will lead to differences In thne
choice of miring and precessing so we
might expeot source C(actors to differ
e ~oen the w6 reg.cna. Figure 1
4% ots the relatively compact w=eatern
oli shale resouroe areas of Colorado-
Uyoming-Utah and the wi13ely Sistributed
calterr: shal¢ extending from the Graat
Lekes southwestward to Oklahomm.
Alihougn the esastern ah-~lg underlies an
snorscuy ar<a., it 1) llikely to be
sconcalcally feas:dbls tO witract only in
outcrcpd. some Of which a-e Indicated In
Flg. 1. Peterson (1386) muxes ar
excellen: olnt that thy crharacter of
Lhy prod.it and -aste st. eams depend oO-n
the raw material and itg hoat mrerix,
wnditicrs of tha process, a~d [lraliy
emisilong curtrzlg It"» reaily
pTOmAture® 'c srtesct a guesp At the
cham.cal sompce it fon of atmcsiterle
eminslong withcut krowmirg the cr-lne of
retorting. sra-, ard poet-pra-essirg
conditiors (ate-=preore, temg->-at.re.
rat® o heating, etn ) How@eer w=@ =An
speculate or whar ;e o esses mignt
be selected «C effestively ewpicit tre
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Figure 1. Principal reported oll snale drposits of the U.S.

resources. The thiciness of the richest
part of the Piceance Basin and Uinta
Bagin shales invite in situ ratorting
and underground w®ines while the
shallower depcsits of eastern shales
will provably be surface-alned. Thege
lead to Quite different source

oonflgurations. The Dblasting and
haullng operatlicns In an open pit =mlne
would inject materials intoe tne

atmosphere that would not be amerable to
emission <control and would probadly be
in the fora of fine partioculate matter.
Underground aines wwld offer the
opportunity to olean the enissions
resulting from air olroulation.
Similarly, in situ ritorts would be
vented Aat speciflio locations and alr
emlssiond ocan be ocntrolled there.
Above ground retort!ng would be subjeot
to the sams oonditious In the eastermn
and western resource areas. However,
almilar operations of MNhauling and
handling may lead t( wmore fugitive duast
eminsions in the arid wepterw locationa
Once alirborne, these gsre gifficult to
oontrol so "he best tactlio 1s to prevent
fugitive emissicrs Dby such steps as
spraying water on the rcads and snale to
e hangled

METEGRGLOGY AND TRANSPORT FACTORY

The respective climatclsgles sf tre
Intermcuntsln wegtern sll snale area ang
the easrern shale reglong are
dramatically differert due to

® thelr gecgraphlo locatlicons on
the cortirent and pceeltisn with
resiect t. the major mountaln
tarriers,

® tne source regions of molst alr
and Bsubsequent drylng prodesses
due to lifting of alr over
Bountaln barriers. and

* altitude avove sea-level.

The resul' s tnhat the western shales
lie in a high altitude seml-arid regions
vnile the eastern shales are located at
lower altitude in the t rate mid-
western U. 8. with about 80 inohes of
preolipitation per year and oonsideravle
oioudiness.

Hoard and Lee (1988) parformed a
weather map olassificatjon to find the
most frequent large scale patterns of
winds and preasure praparstory to
assessing the effect of large soale
circulation on the low level transport
wind fleias in the Colorado-Utah region.
Fig. 2 18 a multi-panel series of the
BOSt common patterns. Similar wap
olagsification navQ been performed for
the dastdrn U. S with w'Bliar resuits
(Lund, 1963). The weather map scale
patterns fors the poundary ccnditlonsg
for regional and mall scale
ciro=:lations thrat are produced or
modifled by local thermaj and
topocgraphlo structure. Some large socale
patterns wipe out the namailer socails
Qivirg forces by altering oocling rates

or aimply dominating “h@ momentus
crargfer =rl1le other mapa (o g l1ignt
wirdg ~jear sx'es) [ermlit a maxloum

iccal inficence
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characteristio of the highest terrain.

Reglonal Scale Transport

the locations of the western and
eastern shuale resource areas relativae to
ma jor  North Amer{can topegraphio
features give rige Lo Important regional
scale oirculationg that uey be
superimposed on the synoptio wmosie
patterns and significantly Influence the
transport patha of atmospheria
eaissions. The development of
understaonding of Lhese olrculatlons s
at an early stage and we have only a few

wdeling and eeplrical studles upon
whioh to vase cur inowledga. Ve &are
becoaing coayinoed, hovever, that
regional acale olrculations muzt be
congidered {n order to reach the proper
sonclustons on lacllity siting and
development strategles.

The mejor Rooxy Mountain upland of

Colorado, Utah, and Yyoming 1» cne of
only a few sreas in the world with
enough height and aren! coveraze to
produce a diurnal platesu cliroulation
with Inflow during the &y and outflow
at night uver a region on the ordar Jof

1000 =@ in dlameter. Fig. 3 from Barr
(1986) deplots thr general properties of
the flow reversal. It is a weak
ciroulation with wi..d speeds of only a
fex meters per second and can therefore
be swamped by vigorous wi:ids encountered
in the passage of storsa and fronts
during the vwinter half of the ynar. It
is driven by a combinatlion of radlative
balance (solar and outgoing Infrared)
and latent heat cycle associated with
thunderstorms over the high ground.
Hence, the plateau oairculstion should
axert Its greatest (nfluence during
sugmer . That {afluence can Include a
seml-persistent "wloshing™ of polluted
alr about the basins of the
Intermountalin area. The ROMPEX project
(Reiter ot al, 1987) descr iben
add!itional experimental evidence
cowplled on the propertles of the
plateau clrceulation,

The eastorn shale reglons occupy an
of transition from the eastern

plaine to the westarn amlopes of

Apj-alachian mountainog. The
are both lower and cover less
represent a
to 3southwest

area
great
the
wountains
acrea than the Rockles, but
quasi-linear northeast
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Figure 3. Estimated 850 mb wind fleldy at s) 0500 MST and

b) 1700  MST

from the height

flelds dascribed by Reiter and Tang (1984).

barrier to the prevalling westerly

winds. The vertical coampression of
streazlines over the ridge of the
Appalachlans tends to prosote

antloyclonio turning on the windward
(western) side and cyclinic turning of
the winds on the leeward (eastern) side.
Warner et al (1978) show thls mechanlsm
to ocevr under s light westerly forcing
flow «ith a thermal ostratification
typlcal of autusn (Fig. W), Tne (low
from the Kentucky-Indiana areas would be
diverted wsignificantly to the north
while the Alabama-Georgia-Tennessee area
emissions would divert woutheastward
before turning northeartwara to flow up
the generally polluted ezstern seaboard.
Miohigan emlissions are less iInfluenced
by the Appalachians. Under more highly
stratified conditions, the northward
excursions can be exaggerated since
atrong density (temperature)
stratificetion suppresses Lie flow ovar
the barrler and foroes more flow around
It. Warner et al. also caloulate s
dfurnal effeot driven by daytime heating
on the Appalachian uplands. This le
similar in mechanism, wmagnitude and
depth (1-2 m) to the pirateau
ofioulation Identified emplriocally by
Relter and Tang (1984) over the Rockles.
In a related simulation not shown here,
Warner et al. show the Michigan ares to
be {nfluenced Uy land-1ske breeze
ofroulations assonlatcd with the Creat
Lakes.

Some veluable transport experiments
have been conducted on the reglonal
scale over the regicn of eastern shales.
In partioular, the CAPTEX progras,
spongored by DOE, tracked an {nert
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Figure . ¥Wind [rleld at 80 a above ground In

2 mode]l simulation (Wsrner et al.

1978) with light synoptla winds.
The cortours are of terrain

elevation plotted at 200
Increments,

Ltracer gas from southwestarn Ohlo across
‘he mountains to tha eagt coast under a
varliety of large scale meteorologlcal
conditions. Both the path of the tracer
cloud and (ts spreed was reasonably
represented by model caloulations that
took |1to account both the obatacle and
thermal clrculation features of the
Appalachisne.



Local Scale Transport

Many air quality concerns center on
the transport and dilution of emissions
in the first ten to twenty kilometers
from the facility. iIn view of the
variety of local terrain and land use
patterns it Is impossible %o generalize
the effects introduced by lower boundary
complications. For example, the
confining effects of valley walls may
alter the dilution and travel patterns
of pollutants, There ar¢ many
spectacular valleys in the Piceance
Basin area of western Colorado but the
western resource also includes some flat
ground {n the midst of broad hasina.
Similarly, the eastern resource area
includes pocential sites that range from
prairie to quite rigorous mountain
areas.

The mechanisms affeoting winds and
turbulence in valley-ridge terrains are
similar to those 4riving the large scale
circulaticns described above. Nighttime
cooling and daytime heatling on sloped
surfaces creates a lateral density
gradient that induces airflow down (or
up) the slopes and  subsequent
compensation by valley axial f{low that
reverses from day tonight. The DOE-
ASCOT prog-~am (e.g. Whiteman and Barr,
1986) has emphasized the study of these
wechanisms and has yielded modals that
describe locally-driven valley
circulations quite well. It is of
considerable practica. intersst to
distinguish well-drained valleys from
those that tend to trap a pool of cool
air since the latter, w!'th their poor
ventilation, will bhave wmore severe
pollution episodes if there {3 & local
source of emissions within their domain.

The lover cloudiness and generally
better radiatlon oconditions in tha dry
western environment has the potential of
producing moire vigorous local valley
circulations than the oast. However,
these wind patterns have been observed
in both areas.

Valle,s influenced by mwore vigorous
ridge top winds will exhibit channeling
vhich tends to produce a preponderance
of up- and down-valley wind situations.
The metecrologiocal community 1s
approaching the stage where It can
prediot wind, temperatures, and
turbulence in isolated valley-ridge
terrains with 1ittle waore than the
topography and a general weather map as
boundary conditions.

ATMOSPHERIC TRA.SFORMAT ION3

An  active researoh community in
atmospherio chemistry e making
consideral . progress toward a
fundamental  underatanding of the
reactions of organio and (inorganie
pollutants in a backgrounc of natural

and man-made precursors. An excellent
review article by Gaffney et al. (1987)
emphasizes the role of natural organic
emissions in the oxidatfon of many
commonly conslidered pollutants.
Isopreie, emitted by deciduous trees 1s
A& very reactive precursor that s
expected to be much more prevalent in
the eastern forests than in the west,
Also, many reactions proceed at
different rates in an  aqueocus
environment than in a strictly gaseous
domain, Although both regions have
clouds to provide this aqueous regime,
their occurrence, duration, and spatial
extent in the east will be greater than
in the west, Another 1important
ingredient to the chemistry of oil ashale
process emissions {8 the solar ultra
violet energy to drive photochemical
reactions. This 13 expected to be
generally greater in the high altitudes
of the western shale region. Model
calculations show that a clean snow-
covered ground can nearly double the
actiniec flux by virtue of its high
reflectance. This could favor the
higher mountain locations in winter when
stagnart air masses combined with
vigorous photochemistry could lead to
some unfavorable concentrations of
secondary pollutants, The chemistry
needs to be addressed on a scenario
basi{s which should consider the organic
and inorganic emissions from shale
facilities, natural precursors, solar UV
flux, moisture, and ventilation.

INSTITUTIONAL FACTORS

We have discussed physical and
chemical differences and similarities
between the eastern and western shale
regions. These are useful for studying
fundamentals of transport and
transformation. However, the practical
side of tha problem s constrained by
the state and fedoral reguiations
influenced in turn by proximity to
population uenters, wilderness areas and
regulatory philosophy. One {mportant
regulation is the PSD (prevention of
significant deterioration). In the west
there is less industry to¢ compete for
PSD increments, but there are frequently
nearby Class | areas which require no
significant deterioration. The eastern
shale region is more generally Classes
IT «nd III, but the o1l shale industry
must compete for deterioration
increments. SR1 International (1980)
has exanmined the diffioulty of (facility
siting based on many factors including
atmospheric  transport. All  thinge
considered, they conclude that eastern
siting 13 more conatraired than western
siting. Figure 5, taken from that
reference shous their estimated ease of
siting based on atmospheric disper:ion.
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CONCLUSIONS

We have raised more questions than
we have answered in this brief summary
paper, but have offered a framework for
examination of the contrast of
atmospheric issues associated with
eastern and western ofl shale
development. The lasucs revolve around
Souroe faotors, transport, chemistry,
and finstitutional factors, The tools
are Just now becoming avaflable to
quantitatively address the major issues
by combined modeling and experimental
efforta. The industry is in a position
to benefit greatly from the output of
the research community so that when
large scale developament begins, {(t can
proceed rationally and exploit an
optimun amount of this freat natural
resource without serioualy impacting tne
environment.
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